Abstract. The dynamic response of a magnetized collisionless plasma to an externally driven, finite size, sudden switch-on current source across the magnetic field has been studied using a two dimensional hybrid code. It was found that the predominant plasma response was the excitation of whistler waves and the formation of current closure by induced currents in the plasma. The results show that the current closure path consists of: a) two antiparallel field-aligned current channels at the end of the imposed current sheet; and b) a cross-field current region connecting these channels. The formation of the current closure path occured in the whistler timescale much shorter than that of MHD and the closure region expanded continuously in time. The current closure process was accompanied by significant energy loss due to whisfier radiation.
Introduction
Determination of the dynamic response of a magnetized collisionless plasma to an "externally imposed" cross-field current or current source driven by an electromotive force (emf), is of paramount importance in space plasma physics. Of particular interest is the formation of the closure path of the induced current flow through the magnetoplasma. A quantitative description of the current closure is required to address a diverse range of space plasma physics problems, such as, the operational characteristics of emf inducing tethered systems [Colombo et. al., 1974] , the efficiency of generation of ELF waves by ionospheric heating [Papadopoulos et. al., 1990] , the structure of tangential discontinuities in the magnetosphere [Chapman and Ferraro, 1931] , and the effect of whistler waves in the magnetotail equilibrium [Kokubun et. al., 1992] .
Previous theoretical studies on the subject of current closure assumed steady state conditions and used the MHD equations [Drell et. al., 1965; Dobrowolny and Veltri, 1986] . When the steady state MHD theory is applied to the closure problem of a tethered satellite system (TSS) carrying a motionally induced emf current, it predicts a global closure path through the conducting lower ionosphere mediated by the propagation of low frequency Alfven waves [Banks et. al. 1981] . Implicit in such formulations is the assumption that the ion polarization current is the dominant cross-field current. For this to happen the timescale must be longer than the ion cyclotron period (t > 1/fci), so that the ions are, magnetized and the electron Hall current is balanced by an opposite ion Hall current. However, processes with timescales shorter than ion cyclotron period can also contribute significantly Probe measurements showed that current carrying disturbances were emitted from the current wire at approximately the group speed of a "whistler" wave packet. The dispersion characteristics and the polarization of the generated waves were those of whistlers. The propagation front carried a cross-field "polarization" current which is opposite to the imposed current in the tether wire. And most notably, the current closure was local rather than global. These results indicate that a proper theoretical analysis of the current closure problem requires the solution of an initial value, rather than a steady state, problem, and a plasma model that includes the electron dynamic response. It is the objective of this letter to present the results of a study of the dynamic response of a two dimensional (2D) magnetoplasma to an externally imposed 
Two Dimensional Hybrid Simulations
The study has been conducted using a 2D hybrid simulation code [Mankofsky et. al., 1987] . Particular emphasis is placed upon the determination of the dynamics, the asymptotic state, and the estabilishment timescale of the resultant current path. It is worthwhile to discuss the validity of two commonly adopted assumptions in the hybrid simulation technique. The assumption of massless electrons implies timescales longer than the electron gyrotime 1/fce, and is valid for wavelengths longer than c/fpe, where fce and fpe are electron gyrofrequency and plasma frequency in Hz, respectively. For parallel whistler propagation, the difference between a massless electron dispersion kz = In the simulations, a source current Js with the form given by Eq. (2) was introduced into a spatial region failed with stationary plasma and uniform magnetic field B o = B o 8z. This current source was located at the center of the simulation region, had a finite extent (L s= 1 Km) inx, andI o = 1 mAmp/m. An equivalent three dimensional view of the source current is a thin current slab extending infinitely in the y direction. In the following, the current source will be simply referred to as the tether. Before presenting the results we make the following comments. First, the tether is introduced into the plasma region initially. This is equivalent to a current switch-on at time zero, with a rise time of one time step. Therefore, the timescale The radiation resistance R of the whistler circuit can be evaluated using the relation P = RIo 2. Based on the values of P and I o in unit length, the radiation resistance is estimated to be R = 3.2 x 104 Ohm/m. This numerical radiation resistance is two orders of magnitude larger than the analytic radiation resistance for the Alfven waves [Dobrowolny and Veltri, 1986 ] based on a tether wire of 1 cm thick. Therefore, power loss due to whistler radiation is expected to be an important factor in determining the overall efficiency of the TSS. This agrees with an earlier analytical estimate by Barnett and Olbert [1986] who, using a constant-current moving-tether model, concluded that the radiation resistance from the lower hybrid band is much larger than that of the low frequency band.
Discussion
The issues of the plasma response to an imposed cross-field current and its application to the TSS current closure have been addressed in this letter. Previous MHD studies [Drell et. al., 1965; Dobrowolny and Veltri, 1986] indicate that current closure is established by the Alfvenic pulse reaching 'the highly conducting lower ionosphere. In this scenario, a global current closure loop is envisioned and the timescale in forming such loop is expected to be longer than the ion cyclotron period [Goertz and Boswell, 1979] . Our simulation results augment previous understanding by focusing on closure processes of timescales shorter than the ion cyclotron period. Specifically, we consider the current closure being conducted by whistler-like processes in the magnetoplasma. In contrast to the Alfvenic picture, the whistler closure is highly localized around TSS and can be the dominant feature at early time. The Alfvenic processes can contribute to the current closure of the TSS only after the formation of the whistler loop. The details of the transition from the whistler closure to the Alfvenic one will be reported later.
